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(54) Title: ANGIOPLASTY AND STENT DELIVERY CATHETER 
(57) Abstract 

The present invention relates to a device for protected angioplasty, intended for the 
implantation of luminal endoprosthesis (or stent) in critical areas such as carotid or vertebral 
arteries, where protection of downstream-situated organs is highly desirable. The device 
comprises a central stent pusher pan comprising a microcatheter bearing at its distal end 
an atraumatic tip, said atraumatic tip being prolonged by a tip balloon part comprising an 
inflatable occlusive balloon which may be inflated with a physiologically acceptable fluid at 
predetermined rates, a fluid-releasing section extending at the proximal side of the occlusive 
balloon, said releasing section being able to release the fluid from the balloon into an upstream 
section of the vessel when the pressure of said fluid reaches a predetermined level. 
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ANGIOPLASTY AND STENT DELIVERY CATHETER 

Field of the invention 

The present invention relates to a device for 
protected angioplasty, intended for the implantation of 
5 luminal endoprostheses (or stents) in critical areas such 
as carotid or vertebral arteries, where temporary 
protection of downstream-situated organs is highly 
desirable. 

Background of the invention 

10 Angioplasty is now recognised as a highly 

valuable method for curing stenosis and other luminal 
diseases of the vascular system. 

However, this technique, although quite 
appreciated and constantly improved, is not yet 

15 systematically used for treating each type of such 
diseases. In particular, the brain is a critical area, 
where vessels are very thin and where even short occlusions 
could lead to irreversible damages for the patient. 

Vessels near the brain, as for instance the 

20 carotid bifurcation, are to be treated with high care 
because incident epiphenomena that could be considered as 
minor in other places could have there disastrous 
consequences for the patient. Because time is of the 
essence, the circulation of blood may not be interrupted 

25 without heavy consequences, due to the lack of oxygen in 
the brain. It is generally admitted that circulation may 
not be interrupted during more than a couple of minutes. 

The carotid and the carotid bifurcation are 
furthermore, on a mechanical point of view, critical parts 

30 of the body. 

The carotid bifurcation has a specific shape 
(including a segment of widened then restricted 
cross-section) , which is known to provoke turbulence in the 
blood flow, leading to high local solicitation of the 

35 artery walls. As a consequence, stenosis problems are 
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rather frequent in carotids. 

A specific problem which occurs in treatment of 
stenosis in the inner carotid by angioplasty is the 
evacuation of debris that pile up in the stenosis. After 

5 the stenosis is cured, theses debris are naturally carried 
by the flowing blood. There is a strong risk that they be 
transported up downstream to the lesions, into capillary 
arteries that they could block, causing thrombosis with 
catastrophic embolization. 

10 The carotid is considered by some physicians as 

the last frontier for endovascular therapy. There is still 
at present considerable scepticism regarding angioplasty in 
the carotid. 

Description of the prior art 
15 it has thus proved desirable to improve this 

technique. Among recent improvements, methods for cerebral 
protection have been conceived and some of them are being 
developed. The "Report on 2nd Carotid Angioplasty Meeting, 
October 23 and 24, 1997, "polyclinique Essey-les-Nancy, 
20 France" summarises various aspects of the present 
advancement of research and development in the field of 
carotid angioplasty. 

The technique developed by Theron to cure 
carotid stenosis with cerebral protection consists of 
25 introducing a triple coaxial catheter in the common 
carotid. A microcatheter provided with a latex balloon at 
its tips is inserted through the guiding catheter. The 
lesion is located and the micro-catheter is advanced 
through the stenosis, after which said balloon is inflated 
30 downstream of the lesion. An angioplasty balloon (or 
dilatation balloon) is inflated at the level of the 
stenosis. Particles originating from the stenosis, are 
aspired and flushed through the guiding catheter with 
heparin, the flow being diverted towards the external 
35 carotid. The placement of a stent is then performed, the 
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angioplasty balloon is withdrawn. A new aspiration and a 
flush are performed once again, while the protection 
balloon remains inflated. The latter is thereafter deflated 
and, if the result seems satisfactory, the micro-catheter, 
5 the protection balloon and the guiding catheter are 
removed. 

This method, although attractive is regretfully 
not perfectly reliable. 

Trials have shown that when using same, a 
10 non-neglectible amount of debris can remain in the blood 
flow. 

Many of these debris do have too large a 
diameter to be efficiently destroyed by the white cells 
before reaching places in the brain where they could cause 

15 fatal thrombosis. 

In fact, aspiration and flushing from upstream 
the protection balloon is not totally efficient, and 
furthermore necessitates that, the tip of the catheter be 
approached as close as possible to the balloon, and that 

20 the operation be carried out under severe control. This is 
liable to cause problem inasmuch as time is of the essence 
in such kinds of interventions where many other aspects 
(treatment of the stenosis, placement of the stent) must 
also be taken into account in a very short time. 

25 It has been suggested to use another technique 

designated as "double balloon technique", which would 
consist of occluding the carotid artery beyond the stenosis 
and also occluding the upper part of the common carotid 
artery, thus creating a dilatation chamber that could 

30 easily be aspirated and cleaned. 
Brief description of the invention 

Another method and device for safely implanting 
a luminal endoprosthesis in critical areas like carotid, 
has been developed, according to which efficient 

35 protection of organs situated downstream of a carotid 
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stenosis may be obtained without any necessity of aspiring 
the debris of the lesion. 

The invention covers a device for the 
implantation of expandable stents in a vascular vessel, 
5 allowing for temporary protection of downstream organs. 
This device comprises 

- a central stent pusher part surrounded by a stent 
releasing part, said part being provided with an axial 
lumen, for inserting a microguide wire, and comprising a 

10 microcatheter bearing at its distal end an atraumatic tip, 
and 

- a stent loading cavity designed to contain a stent in 
radially contracted state extending near the distal end of 
the stent pusher part. 

15 The device according to the invention is 

characterised in that said atraumatic tip is prolonged by a 
tip balloon part comprising an inflatable occlusive balloon 
hermetically connectable via the axial lumen to injection 
means able to feed said balloon with a physiologically 

20 acceptable fluid at predetermined rates, a fluid releasing 
section extending at the proximal side of the occlusive 
balloon, said releasing section being able to release the 
fluid from the balloon into an upstream section of the 
vessel when the pressure of said fluid reaches a 

25 predetermined level. 

According to various embodiments, the fluid 
releasing section may be formed by the proximal end of the 
occlusive balloon, and possibly on the neck of the balloon 
or on a cane supporting the occlusive balloon. 

30 Preferably, the stent is an self -expanding 

stent, which is maintained in place in the stent loading 
cavity by a surrounding shell. 

It may also be a balloon-dilatable stent, the 
stent releasing part comprising in such a case a dilatation 
35 balloon. 
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According to a preferred embodiment, the device 
comprises a dilatation balloon axially displaceable 
relative to the microcatheter . 

The microguide wire may be anchored at the 
5 distal side of the occlusive balloon. In such an 
embodiment, the wire is preferably terminated by a ball 
inserted in a pouch provided at said distal side. 

The invention also relates to a device for 
performing angioplasty in a vascular vessel, allowing for 

10 temporary protection of downstream organs, comprising a 
central pusher part being provided with an axial lumen, for 
a microguide wire, and comprising a microcatheter bearing 
at its distal end a tip balloon part comprising an 
inflatable occlusive balloon hermetically connectable via 

15 the axial lumen to injection means able to feed said 
balloon with a physiologically acceptable fluid at 
predetermined rates, a fluid-releasing section extending at 
the proximal side of the occlusive balloon, said releasing 
section being able to release the fluid from the balloon 

20 into an upstream section of the vessel when the pressure of 
said fluid reaches a predetermined level, and a dilatation 
balloon axially displaceable relative to the tip balloon. 

The invention also relates to a method for the 
implantation of endoluminal stent in a vessel comprising 

25 operations as described in the present text. 

Thanks to this method, the debris of the 
stenosis are flushed away in a very efficient manner and 
further deviated to other places of the body where they can 
provoke no harm, (for instance via the outer carotid in the 

30 case where carotid stenosis is cured) . 
Brief description of the drawings 

Other advantages of the device and of the method 
according to the invention will appear from the description 
hereafter of particular embodiments thereof, reference 

35 being made to the appended drawings wherein 
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Fig. 1 is a diagrammatic lateral view of a 
longitudinal cross-section of the distal end of a device 
according to the invention bearing a self -expanding 
endoprosthesis / 

5 Fig. la is a cross section according to line II- 

II of the device of Fig.l, 

Fig. 2 is a detailed view of the tip and of a 
distal end of the device of Fig. 1, 

Fig. 3 is a diagrammatic lateral view in situ of 
10 a device according to Fig. 1, 

Figs. 4 and 5 are diagrammatic lateral views of 
different embodiments of a device of the invention, 

Figs 6 to 12 are diagrammatic views illustrating 
various steps of a method for using the device of the 
15 invention, 

Figs. 13 and 14 illustrate optional steps of the 

above method, 

Fig. 15 is a lateral view of another embodiment 
of the device of the invention, 
20 Fig. 16 is a lateral view of still another 

embodiment of the invention. 

Detailed description of the drawings 

In the present context, the term "stent" is used 

25 for the sake of facility to define generally speaking a 
luminal endoprosthesis, bearing in mind that luminal 
endoprostheses include stents sensu stricto but can 
comprise, together with their framework, various kinds of 
coating {not shown) . It is clear that the invention also 

30 relates to devices and methods where such coated stents are 
used. 

As can be seen from Fig. 1, the device 1 
according to the invention includes a central stent pusher 
part 2 surrounded by a stent releasing part 3. 
35 The stent pusher part 2 comprises a 
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microcatheter 4 provided with an axial lumen 5. A 
microguide wire 6 extends along the axial lumen 5. A stent 
loading cavity 7 able to contain a stent 8 - in the present 
case, a self -expanding stent - is provided near the distal 
5 end 9 of the stent pusher part 2. 

The distal end 9 of the device 1 bears an 
atraumatic tip 10 which is prolonged by a tip balloon part 
11 comprising an inflatable occlusive balloon 12 and a 
fluid releasing section 13. The tip balloon part 11 is in 

10 operation connected via the axial lumen 5 and a Y-adapter 
(not shown) to injection means (not shown) placed towards 
the proximal end 16 of the device 1. 

This injection means are able to provide a 
continuous flow of a physiologically acceptable fluid at a 

15 predetermined rate. A stop-lock part serves to lock the 
stent pusher part 2 in a fixed relative position with 
respect to the stent releasing part 3. 

When the device 1 is inserted in a body, the tip 
balloon part 11 leads the device 1 through the vascular 

20 system and through possible stenoses. Indeed, it is 
possible to change the shape of the occlusive balloon 12 
when it is in the deflated state by advancing the 
microguide wire 6 more or less into the tip balloon part 
11. 

25 To this end, the guide wire 6 is anchored into a 

tip pouch 20 of the balloon 12 by a small spherical ball 
22. Relative advancement of the microguide wire 6 will 
therefore induce bending of the wire tip. 

A marker (for instance a colour marker) at the 

30 proximal side of the guide wire 6 permits a control of the 
maximal allowed advancement in relation to the position of 
the Y-adapter on the stent pusher part 2. 

The tip balloon part 11 of the device 1 serves 
as a barrier which prevents plaque debris from embolizing 

35 the cerebral arterial circulation, by temporary occluding 
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the main arterial axis (i.e. the carotid artery or the 
vertebral artery) upstream with respect to the lesion to be 
cured . 

The occlusive balloon 12 can be inflated to a 
5 diameter of about 5-6 mm and at a length of about 10-12 mm, 
thus hermetically closing the artery while avoiding over 
distension thereof. 

The presence of a fluid-releasing section 13 on 
the proximal face of the balloon 12 - or just there behind 
10 -provides for an efficient flushing action represented by 
tiny arrows on the figures), far from the limited 
possibilities of classical methods. 

The inflation of the occlusive balloon 12 occurs 
independent of the flushing function at a pressure range of 
15 approximately 300-800 mm Hg. Flushing of the section of 
artery upstream from the occlusive balloon 12 occurs at 
increased pressures, allowing overflow fluid to escape 
through the fluid-releasing section 13 in the balloon neck 
area at a flow rate sufficient to force back the blood, 
20 possibly laden with particles, up to an upstream vascular 
bifurcation. The flow rate can be about 1-2 cmVsec. 

This flush action causes a continuous cleaning 
of the vascular volume in the artery upstream from the 
occlusive balloon 12 whenever the balloon pressure reaches 
25 a given value, thus activating a controlled leak via the 
fluid-releasing section 13. 

The tip balloon part 11 can be adjacent the 
atraumatic tip 10, as shown on Fig. 1, or placed at the tip 
of a cane 24 protruding from this atraumatic tip 10, as 
30 represented on Figs. 2 and 4. 

Figs. 3 and 4 display various embodiments of the 
fluid-releasing section 13, the occlusion balloon 12 having 
been inflated by an increase of the pressure released by 
injection means. The fluid begins to escape from the 
35 balloon 12 at a predetermined rate through calibrated 



WO 99/40964 PCT/BE99/00020 



pin-holes 25 provided at the proximal side of the occlusive 
balloon 12 and/or of the neck 26 thereof. 

The holes are preferably designed so that the 
fluid cannot escape unless the pressure reaches a trigger 
5 value. 

The fluid-releasing section 13 can also extend 
on the cane 24 as shown on Fig, 4. 

Of course, the device can also be guided in a 
conventional manner along the microguide wire 5 as can be 

10 seen on Fig. 15. 

Fig. 15 further displays the proximal end of the 
device and various Y-adapters for connecting i.a. the axial 
lumens 5 to the injection means. In this case, the axial 
lumen 5 extends through the tip pouch 20 and comprises a 

15 separated channel to feed the tip balloon 12. 

The stent releasing part 3 can be designed so as 
to accommodate a self -expanding stent as shown for instance 
on Figs.. 2, 3 or a balloon-expandable stent, as shown in 
Fig. 5; in this case, the stent-releasing part includes a 

20 dilatation balloon 28. 

Figs. 6 to 12 illustrate diagrammatically the 
various steps of the safe method according to the invention 
which may now be applied by using the above-described 
device 1 according to the invention. 

25 The distal end 9 of the device 1 having been 

inserted in the vascular system according to a known method 
(generally from the femoral artery) , it is driven easily up 
to the site to be cured, in the present case a stenosis 30 
in the inner carotid 31, downstream with respect to the 

30 bifurcation 32 of the common carotid 34. 

The microcatheter 4 is then extended up to a 
segment of the inner carotid 31 beyond the stenosis 30. The 
injection means are then activated, at a predetermined 
rate, so that the pressure of the fluid increases in the 

35 axial lumen 5, thereby causing the balloon 12 to expand. 



WO 99/40964 PCT/BE99/00020 

10 



When the balloon 12 reaches a diameter 
substantially equal to that of the inner carotid 31, its 
internal pressure begins to rise, causing the pin-holes 25 
of the fluid-releasing section 13 to open and, flushing 

5 backwards the fluid and the blood volume trapped behind the 
balloon 12. The brain being in such a way protected from 
particles liable to escape from the stenosis 30, the 
physician can immediately begin to proceed with placement 
of a stent 8, which can be either a self -expanding stent 8 

10 constricted in the stent loading area 7, or a 
balloon-expandable stent. In the latter case, the placement 
implies activating a dilatation balloon 28 as can be seen 
on Fig. 5. 

During this operation, the tip balloon part 11 
15 goes on flushing backwards the blood laden with particles 
up to the carotid bifurcation 32, this laden blood being 
diverted through the outer carotid to other organs where it 

can cause no harm. 

It should be stressed that debris and particles 
20 are completely flushed away, since there remains no place 
behind the balloon 12 where they could stay. 

If necessary, depending on the state of the 
stenosis 30, it is possible to proceed within the allowed 
time, preliminary to the insertion of the stent 8, as shown 
25 in Fig. 13, to a widening of the section to be cured, 
plaque debris being still carried away by the constant 
flushing of the artery. 

Another feature of the present device becomes 
apparent when comparing Fig. 4 and Fig. 13: the dilatation 
30 balloon 28 shown in the latter is able to slide along the 
microcatheter 4 and can accordingly reach at will any part 
of the artery wall to be cured upstream from the occlusive 
balloon 12. To allow such an axial displacement, the 
balloon 28 is connected to a balloon pusher placed between 
35 the microcatheter 4 and the stent releasing part 3. 
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During the whole operation, the duly monitored 
injection means go on feeding the occlusive balloon 12 and 
the fluid-releasing section 13 at a rate sufficient to keep 
the balloon 12 safely inflated and to provide a sufficient 
5 flow rate to drive the blood to the bifurcation 32, 

The operation being carried through/ the balloon 
12 can be instantaneously deflated and withdrawn through 
the implanted stent 8. 

The stent-releasing part 3 may comprise an outer 
10 tubing or, to reduce the diameter, a single outer tubing 
making it possible to directly release the stent 8 at its 
predetermined place. 

Advantageously, the outer tubing can comprise 
radio-visible markers allowing the stent 8 to be placed 
15 accurately at its required place. 

An advantage of the device of the invention is 
that, once the occlusive balloon 12 has been placed, it is 
possible., according on the circumstances, to carry out 
without delay a wide variety of operations on the site to 
20 be cured. If necessary, it is even possible, in a matter of 
seconds, to replace a part of the device without disturbing 
the blocking function of the tip part. The time so spared 
can make the difference for the patient. 

The device can be also provided as a kit of 
25 parts to be assembled, which allows the operator to select 
and assemble at the very moment of the operation e.g. the 
kind of stent he feels to be the more adapted to the 
circumstances and the corresponding stent releasing part. 

Fig. 16 displays another embodiment of the 
30 device, which in the present case includes a tip balloon 
part 11 and a dilatation balloon 28 axially displaceable 
relative to same, but devoid of stent releasing part 3. 

The embodiment of the device shown in Fig. 16 
can either be used as such in particular cases wherein it 
35 is not compulsory to place as stent after having cured the 
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stenasis or as part of a kit to perform the preliminary 
operations of an intervention, bearing in mind that an 
adequate stent releasing part can be fitted thereon within 
a few seconds without interrupting the blocking action of 
5 the occlusive balloon 12. 

In short, the invention can be described as 

follows : 

The present invention relates to a device for 
10 protected angioplasty, intended for the implantation of 
luminal endoprosthesis (or stent) in critical areas such as 
carotid or vertebral arteries, where protection of 
downstream-situated organs is highly desirable. The device 
comprises a central stent pusher part comprising a 
15 microcatheter bearing at its distal end an atraumatic tip, 
said atraumatic tip being prolonged by a tip balloon part 
comprising an inflatable occlusive balloon which may be 
inflated, with a physiologically acceptable fluid at 
predetermined rates, a fluid-releasing section extending 
20 at the proximal side of the occlusive balloon, said 
releasing section being able to release the fluid from 
the balloon into an upstream section of the vessel when, 
the pressure of said fluid reaches a predetermined level. 



WO 99/40964 



13 



PCT/BE99/00020 



CLAIMS 



1. - A device (1) for the implantation of 
expandable stents (8) in a vascular vessel, allowing for 

5 temporary protection of downstream organs, 
comprising 

- a central stent pusher part (2) surrounded by a s tent- 
releasing part (3), said part (2) being provided with an 
axial lumen (5), for a microguide wire (6), and comprising 

10 a microcatheter (4) bearing at its distal end (9) an 
atraumatic tip (10), 

- a stent loading cavity (7) designed to contain a stent 
(8) in radially contracted state extending near the distal 
end of the stent pusher part (2) , 

is characterized in that 

-said atraumatic tip (10) is prolonged by a tip balloon 
part (11) comprising an inflatable occlusive balloon (12) 
hermetically connectable via the axial lumen (5) to 
injection means able to feed said balloon (12) with a 

20 physiologically acceptable fluid at predetermined rates, 

- a fluid-releasing section (13) extending at the 
proximal side of the occlusive balloon (12), said releasing 
section (13) being able to release the fluid from the 
balloon (12) into an upstream section of the vessel when 

25 the pressure of said fluid reaches a predetermined level. 

2. - A device (1) for performing angioplasty in 
a vascular vessel, allowing for temporary protection of 
downstream organs, 

comprising 

30 - a central pusher part (2) being provided with an axial 
lumen (5), for a microguide wire (6), and comprising a 
microcatheter (4) bearing at its distal end (9) a tip 
balloon part (11) comprising an inflatable occlusive 
balloon (12) hermetically connectable via the axial lumen 

35 (5) to injection means able to feed said balloon (12) with 
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a physiologically acceptable fluid at predetermined rates, 

- a fluid-releasing section (13) extending at the proximal 
side of the occlusive balloon (12), said releasing section 
(13) being able to release the fluid from the balloon (12) 
5 into an upstream section of the vessel when the pressure of 
said fluid reaches a predetermined level, 

- a dilatation balloon (28) axially displaceable relative 
to the tip balloon (12) . 

3. A device according to claim 2, provided 
10 towards its proximal end, with connection means for 

inserting a stent-releasing part while the tip balloon is 
inflated. 

4. - A device according to any one of the 
preceding claims, characterized in that the fluid-releasing 

15 section (13) extends at the proximal end of the occlusive 
balloon (12) . 

5. - A device according to any one of the 
preceding claims, characterized in that the fluid-releasing 
section (13) extends on the neck of the balloon (12). 

20 6.- A device according to any one of the 

preceding claims, characterized in that the fluid- 
releasing section (13) extends on a cane (24) supporting 
the occlusive balloon (12) . 

7. - A device according to any one of the 
25 preceding claims, characterized in that the stent (8) is a 

self -expanding stent, which is maintained in place in the 
stent loading cavity (7) by a surrounding shell. 

8. - A device according to any one of claims 1, 4 
to 6, characterized in that the stent (8) is a balloon- 

30 dilatable stent, the stent-releasing part (3) comprising a 
dilatation balloon (28) . 

9. - A device according to any one of the 
preceding claims characterized in that it comprises a 
dilatation balloon (28) axially displaceable relative to 

35 the microcatheter (4) . 
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10.- A device according to any one of the 
preceding claims, characterized in that the microguide wire 
(6) is anchored at the distal side of the occlusive balloon 
(12) . 

5 11.- A device according to claim 10, 

characterized in that the wire (6) is terminated by a ball 
(22) inserted in a pouch (20) provided at said distal side. 
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